Distinguishing between salt poisoning and hypernatraemic dehydration in children by Coulthard MG & Haycock GB
Education and debate
Distinguishing between salt poisoning and hypernatraemic
dehydration in children
Malcolm G Coulthard, George B Haycock
Hypernatraemia caused by salt poisoning or dehydration must be distinguished correctly, as the two
situations need different legal and medical approaches. Two nephrologists discuss the physiology of
hypernatraemia and explain how to differentiate between cases caused by salt poisoning and
dehydration
The criteria most widely used to diagnose salt poisoning
in children were formulated by Meadow.1 These criteria
focus on hypernatraemia with high urinary concentra-
tions of sodium and chloride, but this combination may
also be found in children with dehydration caused by
diarrhoea. The medical and legal management of the
two conditions fundamentally are different, so reliable
ways to distinguish them are needed.
We consider the physiology of salt overload and
hypernatraemic dehydration.2 We explain how to
differentiate the two situations on the basis of history;
examination; and biochemical analysis of serial, paired,
blood, and “spot” urine samples. We illustrate the
method with two cases that have been tested in court.
Illustrative cases
Salt poisoning
In case 1, a 7 year old boy had severe colitis, for which
he underwent a colostomy and received intravenous
and nasogastric nutrition, for five years. He presented
twice with confusion, hypernatraemia, and weight gain
but without fever, diarrhoea, or vomiting. Paired
plasma and urine samples collected during his second
presentation led to a diagnosis of salt poisoning (table).
His mother then confessed to inducing the colitis with
purgatives and twice giving him salt solutions nasogas-
trically.
Hypernatraemic dehydration
In case 2, a boy born at 28 weeks’ gestation with aortic
arch and bronchial anomalies needed prolonged ven-
tilation and remained oxygen dependent. Fundoplica-
tion was considered because he had severe gastro-
oesophageal reflux and was failing to thrive. He was
treated with domperidone, a compound alginate
preparation (Gaviscon Infant), and feed supplements
that contained glucose polymers. The boy’s plasma
biochemistry was normal, except when he was 5 and 8
months old, when he was acutely ill with high fever,
profuse diarrhoea, exacerbation of vomiting, hypoto-
nia, weight loss, and poor perfusion (table). Intravenous
fluids dramatically improved his condition and
restored his body weight.
The boy was taken into foster care after he was
admitted at age 8 months, because doctors believed his
biochemistry results confirmed salt poisoning and
because his siblings’ medical histories were considered
suspicious. Three siblings had become hypernatraemic
under similar circumstances: one died after remaining
at home (on the general practitioner’s advice) with
pyrexia, explosive diarrhoea, and weight loss but with-
out haemorrhagic encephalopathy.3 In addition, one
sister, who was eunatraemic, died suddenly and
unexpectedly. The odds of a second innocent death
were suggested (incorrectly) to be 73 million to one.4 A
court found that the mother was not guilty of
manslaughter.
Diagnostic pathway for childhood
hypernatraemia
Exclusion of other medical causes
When a child presents with hypernatraemia, a defect in
the system that controls urinary concentration must be
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excluded as a cause.1 Children with hypernatraemia
caused by such a defect usually have obvious polyuria
and polydipsia that result from central or nephrogenic
diabetes insipidus, chronic renal failure, or rare renal
problems. Such children can easily develop negative
water balance (when the volume of water ingested is
less than the volume excreted in urine), which reduces
solute excretion and induces hypernatraemic dehydra-
tion. Osmolality typically is less then 300 mmol/kg—
sometimes as low as 50 mmol/kg. In all other children,
urine osmolality can exceed 700 mmol/kg—as in both
of our illustrative cases. A water deprivation test may be
needed in children for whom the diagnosis is
uncertain.
Essential hypernatraemia is a rare disorder of chil-
dren and adults in which hypertonicity causes neither
thirst nor the release of antidiuretic hormone but the
release of antidiuretic hormone mediated by baro-
receptors is normal.5 6 The mechanism behind the
condition is almost certainly selective destruction of
the anterior hypothalamic osmoreceptor. Plasma con-
centrations of sodium > 170 mmol/l are not unusual
in this condition.
In practice, children who can maintain completely
normal plasma concentrations of creatinine and
electrolytes when they are well, eating a normal diet,
and drinking a normal amount of fluids are extremely
unlikely to have significant, persistent, underlying
medical causes for hypernatraemia.
Clinical history
Salt overload
Salt overload is usually deliberate, so a story to explain
the hypernatraemia, such as intravenous sodium bicar-
bonate treatment or accidental contamination of feeds,
rarely is convincing. Speculation that only infants will
take salty drinks1 was disproved by an accident in 1963,
in which 14 babies up to 10 weeks old became severely
hypernatraemic after drinking feeds made with salt
instead of sugar.3 Six of these babies died of
haemorrhagic encephalopathy.
The notion that severe hypernatraemia cannot be
caused by water depletion alone is also incorrect,
because it is seen in babies who are inadequately breast
fed7 8 or who had undiagnosed oesophageal atresia.8 In
healthy people, hypernatraemia causes vomiting and
intense thirst, which may be recognised even in babies,3
and neurological signs, such as irritability, drowsiness
or coma, and fits.
Hypernatraemic dehydration
In patients with hypernatraemic dehydration, dehy-
dration results from a child having negative water bal-
ance (losing more water than is replaced). If the child
is also losing more salt that he or she is receiving
(negative sodium balance), the plasma concentrations
of sodium may remain stable. For hypernatraemia to
develop, the water loss must exceed any loss of salt.
The patient’s history usually reveals causative factors.
Typically, diarrhoea causes water loss, and vomiting
prevents intake of water. This condition was common
in the 1960s and 1970s, when infant milks were more
calorie dense than they are today9 (not because
they had higher sodium concentrations, as previously
suggested10).
In patients with infective diarrhoea, undigested
proteins and carbohydrates reach the colon, where
bacteria metabolise them to small, osmotically active
molecules that draw water but not sodium from the
plasma into the colon; this makes the plasma
hypernatraemic.11 The continued administration of
glucose polymers in the presence of diarrhoea greatly
increases this risk12—as happened in the boy described
in case 2 and in three of his siblings. Parents find it dif-
ficult to recognise exacerbations caused by concomi-
tant illnesses because of persistent vomiting caused by
severe gastro-oesophageal reflux. The ratios of surface
area to weight in infants that weigh 5 kg are twice
those of adults and the skin is more permeable in
infants; this means that water loss is much greater in
infants than adults—especially in children with
pyrexia.13
Dehydration associated with hypernatraemia
undoubtedly is under-recognised. Even babies who
lose up to 27% of their weight may not be diagnosed
Comparison of variables in a seven year old boy with hypernatraemia caused by salt poisoning (case 1) and in a boy aged eight
months with dehydration (case 2)
Variable Case 1 Case 2
Time after admission (hours) 0 24 0 1.8 17 48
Body temperature (°C) 36.8 39.2
Body weight (kg) 20.5 19.6 4.63 5.30 5.01
Change from stable weight (%) +4.6 0 −7.6 +5.8 0
Plasma concentration:
Sodium (mmol/l) 155 132 156 162 144 139
Bicarbonate (mmol/l) 21 24 12 15 18 23
Urea (mmol/l) 2.0 4.5 10.6 10.9 4.9 4.1
Creatinine (ìmol/l) 40 45 57 54 39 42
Urinary concentration:
Osmolality (mmol/kg) 961 1003 480
Sodium (mmol/l) 172 30 152 80 94 36
Creatinine (mmol/l) 2.2 1.8 5.5 6.3 2.0 1.52
Fractional excretion (%):
Water 1.81 2.50 1.04 0.86 1.95 2.76
Sodium 2.01 0.57 1.01 0.42 1.20 0.72
Estimated excretion rate:
Water (ml/kg/day) 84 103 28 12 76 98
Sodium (mmol/kg/day) 14.6 3.1 4.3 1.9 5.7 3.6
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correctly outside hospital.8 Only half of such babies’
paediatricians seem to notice this hypernatraemia.8
Clinical observations: acute changes in body weight
Body weight changes acutely in children with salt
poisoning and in those with dehydration, but in
opposite directions. Accurate weighings during treat-
ment therefore provide important evidence. Weight
change was not included in previous diagnostic
schemes.1
Salt poisoning—Salt ingestion causes weight gain by
inducing thirst and stimulating release of antidiuretic
hormone—the baby in case 1 gained more than 4% of
his original body weight. This volume expansion
triggers excretion of the excess salt by suppressing
release of aldosterone and stimulating release of atrial
natriuretic peptide; this leads to restoration of normal
body weight. Weight gain may be slower in babies who
cannot regulate their fluid intake.
Dehydration—Dehydration is synonymous with
water loss and therefore weight loss; clinical grading is
defined by the percentage loss. In case 2, the boy lost
7.6% of his weight and his siblings lost 4.8–14%.
These changes are much larger than the normal fluc-
tuations associated with recent feeds, a full bladder, or
faecal loading. Occasionally, in infective enteritis, fluid
is lost into the lumen of the bowel so rapidly that
intravascular hypovolaemia occurs before the diar-
rhoea is clinically apparent; this means that weights
measured at admission underestimate the extent of
dehydration.
Biochemistry
Measurements of plasma concentrations
Dehydration causes underperfusion, which reduces the
glomerular filtration rate. Conversely, the hyper-
dynamic circulation found in children with salt
overload maintains the filtration rate. The rate is best
estimated from the plasma creatinine concentration,
although changes often are not appreciated for two
reasons:
x The absolute creatinine concentration is low in
infants14
x The concentration increases slowly after the
glomerular filtration rate falls and may not have
reached a plateau when it is first measured.
The paediatrician in case 2 considered the boy’s
values to be unremarkable, although they indicated
that his glomerular filtration rate was only two thirds of
the normal value.15 The rate recovered after the boy
was rehydrated. The plasma concentration of urea is
influenced by too many factors other than hydration to
be a reliable indicator of renal function.1 Nevertheless,
the differences in plasma concentrations of urea in
cases 1 and 2 at presentation and after treatment are
striking, and they certainly support the diagnosis of
volume repletion and expansion in case 1 and volume
contraction in case 2.
The plasma concentration of bicarbonate usually
is normal in salt poisoning (as in case 1), but tissue
underperfusion from dehydration induces metabolic
acidosis and reduces the plasma concentration of
bicarbonate (as in case 2). Concentrations of
potassium in plasma are unhelpful, as they remain
normal in salt poisoning and vary in dehydration,
when release of aldosterone makes potassium
concentrations fall and reduced glomerular filtration
rate makes them rise.
Calculations of fractional excretions of salt and water
Dehydration drives avid reabsorption of sodium in the
renal tubular regardless of the concentration of
sodium in plasma, because preservation of volume
predominates over tonicity. Dehydrated infants are
assumed to have low urinary concentrations of sodium,
and high urinary concentrations of sodium are
assumed to indicate that excess salt is being excreted—
but this is only half the story. Hypovolaemia also
stimulates maximal water conservation, which
increases the concentration of urine, so the final
urinary concentration of sodium is unpredictable. In
one study of infants with hypernatraemic dehydration
caused by infective diarrhoea, the urinary sodium con-
centration ranged from 35 mmol/l to 232 mmol/l,16
and in dogs with dialysis-induced hypernatraemic
dehydration, the concentration ranged from 36
mmol/l to 280 mmol/l.2 The values from our
illustrative cases and from previous reports of apparent
salt poisoning all fell within these ranges.1 Clearly, high
urinary concentrations of sodium alone cannot distin-
guish salt poisoning from dehydration.
Fractional excretions of sodium and water, which
are calculated from the sodium and creatinine concen-
trations of paired plasma and “spot” urine samples, can
distinguish the two situations (see box A on bmj.com).
The values should be >2% or more in a child who has
been salt poisoned and is volume replete and <1% in a
dehydrated child with viable renal tubules (table).
Frequent serial data provide a dynamic picture—for
example, the fractional excretion values for the boy in
case 2 decreased after he was admitted.
Estimates of salt and water balance
Serial “instantaneous” rates for sodium and water
excretion can be estimated from the values of
fractional excretion and glomerular filtration rate
calculated at each collection time (see box B on
bmj.com). Approximate “point” balances can be
deduced if the salt and water administration rates are
known. These estimates will be imprecise because their
calculation requires several assumptions; however, salt
poisoning and hypernatraemic dehydration produce
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such different physiological patterns that the estimates
can confirm the diagnosis (table).
On admission, the child in case 1 had an estimated
urine output in the normal range, but his sodium
excretion was about 15 mmol/kg/day—enough to
reduce the plasma concentration of sodium by over
1 mmol/hour and to allow it to correct fully by the next
day. In contrast, sodium balance in case 2 was approxi-
mately neutral, but he conserved water avidly and
retained most of his administered fluids, which fully
corrected his plasma sodium concentrations within 17
hours.
Conclusions
Reliance on urinary concentrations of sodium to diag-
nose salt poisoning in hypernatraemic children is
unsafe because dehydrated infants may be diagnosed
falsely as poisoned. The child’s clinical history and
acute changes in their weight provide important
evidence that, combined with fractional excretions of
sodium and water calculated from serial paired “spot”
blood and urine samples and estimates of net sodium
and water balances, allow the correct diagnosis to be
made.
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attested. Remarkably overlooked for purposes of
national reconciliation, this history still remains deeply
present to many South Africans and explains much of
the mistrust towards Western science, medicine, and
public health.
An understandable defiance is thus an important
element of what is usually termed denial.21 In fact,
denial—a common response among people facing an
intolerable situation—has two facets.22 One is a denial
of reality: a reaction that something can’t be true, that it
is not possible. The other is a denial of the
unacceptable: a reaction that something is not normal,
that although it exists it should not. Both facets are
involved in the denial of the reality of HIV/AIDS. It is
difficult for anybody—even a state leader—to fully com-
prehend the magnitude of the epidemic and its demo-
graphic consequences, such as the loss of 20 years of
life expectancy within two decades. Also, it is seen as
morally unacceptable that a plague can affect the
population so massively and so unequally precisely at
the point when democracy has at last been
achieved—in what seems a remorseless prolongation
of the suffering of the weakest people in society.
Conclusions
Change occurs rapidly in South Africa, but history
continues to show through the surface of present
events. The marks of apartheid are still deeply
inscribed in the bodies and minds of the people who
had to suffer under it, a decade after its end, and the
country’s AIDS crisis manifests the legacy of the
politics of the past.23 To limit the explanation of HIV
infection to poverty is certainly an oversimplification:
public health policies need to take into consideration
the interdependence of inequality, mobility, and
violence. Conversely, to focus attention solely on
behaviour change or on treatment is to overlook the
powerful social determinants of HIV in South Africa.
Clarifying the objective and subjective dimensions
of the reality of the epidemic can help people
understand otherwise incomprehensible issues and
thus ease the dialogue between apparently irreconcil-
able positions. For instance, understanding people’s
suspicion and denial is vital in the management of the
HIV epidemic. An effective politics of AIDS entails a
“politics of recognition”: contrary points of view should
be understood rather than discredited.24
But a better understanding rooted in history does
not mean indulgence of errors or acceptance of
conservatism. On the contrary, recent events have
shown that the HIV/AIDS debate has increased
people’s awareness of health inequalities and has
advanced the battle for social rights. In South Africa,
AIDS is not just a tragic and dramatic phenomenon:
through the mobilisation of activists as well as lay
people and through the fight for social justice it has
also come to be a resource for democracy.
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Correction
Distinguishing between salt poisoning and hypernatraemic dehydration in
children
Errors occurred in this article by Malcolm G Coulthard and George B
Haycock (18 January, p 157). The conclusion of case 2 says that the court
found the mother not guilty of manslaughter. In fact the case referred to
was not the subject of a criminal trial, but a family court hearing
concerning the continuation of care orders. This error was partly caused
by miscommunication in the BMJ editorial office, for which we apologise.
Also, in the description of case 2, the statement that “the odds of a second
innocent death were suggested (incorrectly) to be 73 million to 1” could be
misread as indicating that this opinion was stated during that court
hearing, which was not the case. Two of case 2’s siblings had died in
infancy and his parents made a complaint about the care that they had
received from their general practitioner. As a result of this the medical
records of all the children were reviewed by expert witnesses. A
paediatrician argued that two infant deaths within the family made
infanticide statistically almost certain, and that the episodes of
hypernatraemia indicated salt poisoning. As a result of these concerns
care orders were obtained on the three surviving children; case 2 was
fostered. The subsequent family court hearing determined that the
children had not been salt poisoned. The care orders were revoked on two
children and sustained in case 2. All the children were returned to the
family home, where they remain. In addition the authors wish to declare
that they were expert witnesses in the cases referred to in their article and
in other cases.
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